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Fossil Records… Evolution of Whales? Phiomicetus anubis
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Falsified Fossil Records…



Falsified Fossil Records…

Human Cranium  
(~600 yrs old)

Orangutan JawTooth of  
a chimpanzee





Natural Selection: ”the gradual process by which heritable biological 
traits become either more or less common in a population as a function 
of the effect of inherited traits on the differential “reproductive success” 
of organisms interacting with their environment"

Natural Selection: ”the gradual process by which heritable biological 
traits become either more or less common in a population as a function 
of the effect of inherited traits on the differential “reproductive success” 
of organisms interacting with their environment"



- population: all individuals of the same species occupying the same area.


- gene: A unit of heritable information -usually associated (at the molecular 
level) with a specific region located on the chromosome. 

- allele: one of two or more slightly different forms, or "variants" of a given 
gene.


- allelic frequency: the number of times a particular allelic variant shows 
up -usually refers to a population


- genotype: a selection of the genes that make up an individual.


- phenotype: the consequence(s) of all the allelic interactions that give rise 
to a visibly determinable "type".


Genetic/Evolutionary Vocabulary

- gene Pool: a collection of the different genes (both expressed and not 

expressed) that are present in a population




To understand what populations are and how they can change…  

We need to understand that populations are "populations of 
individuals" not a group of identical "clones". ..   

Populations are a group of individuals that exhibit an assorted array 
of similar phenotypic traits (the operative word being "similar"), and 
that each individual has a slightly different organismal "signature" that 
contributes to the collective "gene pool” 



Consider a newly introduced allele within a population. The presence of this 
allele will have an allelic frequency that can change over time.  

At some stage, perhaps, the frequency of a particular allele would become 
either “fixed” in a population or “lost” from a population for one reason or 
another.   

This can happen rapidly or need not happen at all -especially in large 
populations.
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From an understanding of these few fundamental concepts we can build a 
greater understanding of more complex evolutionary terms, such as- 

Genetic Drift: a random change in allelic frequency over time  
     -appreciate this as being a key mechanism of evolutionary change. 

This would suggest that Genetic Drift might be greatest in small 
populations (?) 

Why would that be (?) -the fewer individuals in the population, the more 
likely it is that random fluctuations will completely disrupt the allelic 
frequency. 

In the short term (i.e over a few generations), one might expect allelic 
frequencies to increase and decrease in a random, unpredictable way, as 
a result of Genetic Drift .
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December 1831 - October 1836 

Voyage of the Beagle
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Genetic drift: a random change in allelic frequency over time 
and appreciate this as being a key mechanism of evolutionary 
change.



 The fixation or loss of alleles by random genetic drift occurs more rapidly in (A) 
populations of 10 than in (B) populations of 100

Data courtesy of Kent E. Holsinger, University of Connecticut 
[http://darwin.eeb.uconn.edu]

• The frequency of a neutral mutation largely depends on 
genetic drift, the strength of which depends on the size 
of the population. 

• The frequency of a mutation that affects phenotype will 
be influenced by natural selection.
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Figure 21.15-1

Make Connections: The Sickle-Cell Allele
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Eye Colour is heavily influenced by geography and natural selection…

Brown Eyes: 45 percent  Blue Eyes: 27 percent  Hazel Eyes: 18 percent  
  
&  Green Eyes: 9 percent



Voyage of the Beagle  (1832-1835)



Natural Selection: ”the gradual process by which heritable biological 
traits become either more or less common in a population as a 
function of the effect of inherited traits on the differential reproductive 
success of organisms interacting with their environment"

Genetic drift: a random change in allelic frequency over time 
and appreciate this as being a key mechanism of evolutionary 
change.

Gene flow is the intermingling of separate traits among similar 
populations. This increase occurs because individuals from other 
populations will bring in alleles that would otherwise be absent or 
rare (may be even lost) from the population that is being observed. 
In other words they would add variety to the gene pool. 





The Cretaceous–Paleogene (K–Pg) extinction event 

Also known as the Cretaceous–Tertiary (K–T) extinction)[b] was a sudden mass extinction of three-quarters of the 
plant and animal species on Earth,[2][3][4] approximately 66 million years ago.[3] With the exception of some ectothermic 
species such as sea turtles and crocodilians, no tetrapods weighing more than 25 kilograms (55 pounds) survived.[5] It 
marked the end of the Cretaceous Period, and with it the Mesozoic era, while heralding the beginning of the Cenozoic 
era, which continues to this day.
In the geologic record, the K–Pg event is marked by a thin layer of sediment called the K–Pg boundary, which can be 
found throughout the world in marine and terrestrial rocks. 

The boundary clay shows unusually high levels of the metal iridium, which is more common in asteroids than in the 
Earth's crust.[6]
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The Deccan Traps began forming 66.25 million years ago,[5] at the end of the Cretaceous period, although it is 
possible that some of the oldest material may underlie younger material.[2][6] 

The bulk of the volcanic eruption occurred at the 
Western Ghats between 65 and 66 million years 
ago when lava began to extrude through fissures in 
the crust known as fissure eruptions.[8] 

The Cretaceous–Paleogene (K–Pg) extinction event 
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Bottlenecks

It is hypothesized that the eruption resulted in a severe reduction in 
the size of the total human population due to the effects of the 
eruption on the global climate.[34] According to the genetic bottleneck 
theory, between 50,000 and 100,000 years ago, human populations 
sharply decreased to 3,000–10,000 surviving individuals.[35][36] It is 
supported by some genetic evidence suggesting that today's humans 
are descended from a very small population of between 1,000 and 
10,000 breeding pairs that existed about 70,000 years ago.[37][38]



Founder Effect

The case of Huntington's disease in South Africa 

The Afrikaner population of South Africa is mainly descended from one shipload of immigrants 
which landed in 1652. The early colonists included individuals with a number of rare genes. The 
ship of 1652 contained a Dutch man carrying the gene for Huntington's disease, an autosomal 
dominant disease which does not appear until the sufferer is over 40 years old and leads to 
certain death within five to 10 years. Most cases of the disease in the modern Afrikaner population 
can be traced back to that individual. 
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Genetic drift: a random change in allelic frequency over time 
and appreciate this as being a key mechanism of evolutionary 
change.

Gene flow is the intermingling of separate traits among similar 
populations. This increase occurs because individuals from other 
populations will bring in alleles that would otherwise be absent or 
rare (may be even lost) from the population that is being observed. 
In other words they would add variety to the gene pool. 



Given all this, might the "forces of evolution" work equally well 
on populations that have a limited gene pool, as they do in 
those populations with a much larger -effectively infinite- 
variety of alleles within its gene pool? 

Yes or No? 
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Given all this, Are there any other constraints to evolutionary 
change(s)?  

Answer: Yes. 

How did we get such a diverse gene pool?  
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Mutations localized changes in the DNA blueprint that may or may 
not change the phenotypic characteristics, ultimately providing 
small changes in genes /alleles  -see Genetic Drift
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1859

In considering the Origin of Species, it is quite conceivable that a naturalist, reflecting on the mutual affinities of 
organic beings, on their embryological relations, their geographical distribution, geological succession, and other 
such facts, might come to the conclusion that each species had not been independently created, but had 
descended, like varieties, from other species. 

Nevertheless, such a conclusion, even if well founded, would be unsatisfactory, until it could be shown how the 
innumerable species inhabiting this world have been modified, so as to acquire that perfection of structure and 
coadaptation which most justly excites our admiration.
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https://www.bbc.com/reel/video/p07y92vt/did-neanderthals-feel-
the-same-emotions-as-us-

https://www.bbc.com/reel/video/p041bkpy/find-out-
what-really-killed-the-neanderthals
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K      P     C     O     F      G     S

Pidgeon Hole

To pigeon hole: to fairly or unfairly think of or describe (someone or something)  
as belonging to a particular group, having only a particular skill, etc.
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Black Widow Spiders
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How many kingdoms are there….? 
  
(A) 3,  
(B) 4,  
(C) 5,  
(D) 6,  
(E) 8.
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Kids Prefer Cheese Over Fried Green Spinach Do Kids Prefer Cheese Over Fried Green Spinach ??

Archaea
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Protista is a large complex grouping of  
mostly unicellular eukaryotic organisms. They are 
morphologically diverse and can be found in most 
terrestrial, aquatic, and marine habitats as free-living 
forms and as parasites of other protists, of fungi, and of 
plants and animals. eg. algae, amoeba euglena etc.

Do Kids Prefer Cheese Over Fried Green Spinach ??



https://www.youtube.com/watch?v=F38BmgPcZ_I



While most of the Linnaean taxonomic grouping was in place long before 
Darwin, after Darwin this classification scheme needed significant 
refinement on precisely what was meant by each of the terms, 
(especially the term "Species" ) 

"Species are groups of interbreeding (or potentially interbreeding) 
natural populations, which are reproductively isolated from other such 
groups.” 

                                               Biological Species Concept [BSC] 

But, the arguments and difficulties that we have in defining "Species" 
reflects very accurately the arguments that scientists have had over 
the centuries……… 

Yes, there are quite definitely constraints to evolutionary change(s)?  



"Species are groups of interbreeding (or potentially interbreeding) natural 
populations which are reproductively isolated from other such groups.” 

Genetic integration works on the premise that “if individuals within a 
population mate with one another, but not with individuals of other 
populations, this population can be considered to be an "independent 
evolutionary unit", and can safely be called a Species 

“ ...the smallest groups that are consistently and persistently distinct and 
distinguishable by ordinary means.” 

            Morphological Species Concept (MSC)  -Cronquist 1988



Speciation is the process by which one "species" splits into two.





Allopatric speciation requires total genetic "reproductive" isolation.....or, when two or 
more parts of a single population become divided by a geographic barrier, alternatively 
known as geographic speciation.



Speciation









Darwin’s Galapagos Finches



American and European Sycamores



Fruit flies have speciated sympatrically in New York State for more than a hundred years.

These fruit flies originally courted, mated, and deposited eggs only on hawthorn fruits.


About 170 years ago, large commercial apple orchards were planted in New York.

Some fruit flies began to lay their eggs on the apple trees, perhaps by mistake.

Consequently, their offspring sought out apple trees as adults and, therefore, mated with 

other fruit flies of similar heritage. 


Today there are two sympatric species of picture-winged fruit flies in New York.
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